INTRODUCTION
Meteorites are our only direct source of information on the nature of planetary materials in the early Solar System. Most meteorites are believed to be fragments broken from asteroids in solar orbits between Mars and Jupiter, although there are few specific asteroids identified as sources. Other meteorites are fragments from the Moon and Mars. Many asteroidal meteorites have remained virtually unaltered for 4.56 Ga and retain evidence of the earliest formative processes of the Solar System, ranging from presolar stellar evolution of the nearby galactic region, to protoplanetary disk formation and the accretion and differentiation of planetesimals and protoplanets.
Of the more than 50 000 meteorites now in collections around the world, the vast majority are chance finds (Bevan 2006) . Over the last 300 years or so, world-wide only about 1100 meteorites have actually been observed to fall and quickly recovered (Grady 2000) . Of these, the atmospheric phenomena associated with the fall of only 12 recovered meteorites have been photographed allowing the orbits of the objects that gave rise to the meteorites to be determined. To date, only 5 falls have been recorded by camera networks, the remainder were recorded by chance photography.
Fragments of another meteorite fall were recovered by tracking a small asteroid that eventually collided with the Earth (Jenniskens et al. 2009 ).
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While there is no shortage of meteorites to study, the unique information they record has to be interpreted in the absence of the spacial context of where in the Solar System the material originated. What is lacking is a significant number of photographed falls with precisely calculated orbits. An expanded collection of meteorites with known orbits would allow the association of some samples to specific regions or bodies in the Solar System, providing the spatial context for the interpretation of meteorite composition.
The newly established Desert Fireball Network (DFN) in the Western
Australian Nullarbor is a world-leading facility designed to provide 
CAMERA NETWORKS
Fireball camera networks providing precise triangulation of fireball records from multiple stations to constrain the fall positions and pre-atmospheric orbits of meteorites, have been in operation in various parts of the world for over 40 years (e.g. see Bowden 2006 and references therein). The two principal scientific objectives of these programmes were to provide an accurate 4 estimate of the flux of extraterrestrial material to Earth, and to recover a significant number of meteorites with accurately determined orbits.
However, although these networks succeeded in constraining the meteorite flux over a range of masses (Halliday et al. 1989) , and hundreds of fireballs potentially associated with the fall of meteorites were recorded, only four meteorites were recovered. The reason for this poor rate of recovery is that the camera networks were established in areas of the world (central Europe, USA and Canada) with terrain that is not generally conducive to the recognition of small meteorites on the ground.
A number of arid areas of the world have proved to be 'storehouses' of past meteorite falls, notably the wider Sahara in northern Africa, the Nullarbor Region in Australia, the deserts of Oman, and the cold desert of Antarctica (Bevan 2006; Zolensky, 1998) . Prolonged aridity in these regions has allowed the preservation of meteorites over millenia and their accumulation on generally stable surfaces. These desert conditions and the general lack of vegetation allows the easy recognition and recovery of meteorites, including those that may be observed to fall.
In the mid 1990s, with seed funding from National Geographic, the Western Australian Museum, the Royal Society and the Open University, a feasibility study was undertaken to select a suitable desert area to establish a new camera network. Following the test period, some modifications were made and three additional DFOs were constructed. The prototype was moved to a location in the Nullarbor Region together with two additional DFOs, and construction of the trial network now comprising four DFOs was completed in December 2007.
Currently, the DFN has an effective detection coverage of ca. 200,000 sq km.
THE NULLARBOR REGION AND METEORITE NOMENCLATURE
The Nullarbor is an area of generally treeless, sparsely vegetated limestone plain situated in the south of the Australian continent where the arid zone intersects the coastline (Figure 3 ). The Nullarbor Region (as defined by Lowry, 1970; Beard, 1975) (1989) . Using the available geographical names, 47 named areas were delineated in the Western Australian Nullarbor. Meteorite finds are assigned the name of the area in which they are found and a three digit number (e.g.
001) for each distinct meteorite (Bevan and Binns 1989). The naming system
is similar to those systems currently employed to deal with the large number of meteorites being recovered from other parts of the world such as the Sahara and Antarctica. This naming/numbering system was later extended to the South Australian Nullarbor by Bevan and Pring (1993) with the delineation of an additional 27 named areas.
With the establishment of the DFN and the prospect of the recovery of a large number of observed meteorite falls (as opposed to chance finds), in accordance with guidelines set down by the Nomenclature Committee of the Meteoritical Society, unique geographical names should to be sought for newly recovered falls. The first recovered fall, Bunburra Rockhole, was named after a nearby geographical feature. The delineated area name of the South Australian Nullarbor in which the meteorite fell had previously been named Bunburra. As this was the first meteorite recovered from the Bunburra area, the use of the unique name presented no problem. However, subsequent recoveries of observed falls from the same, or different areas of the Nullarbor may prove difficult to name without the invention of additional names, or the use of informal local names. This nomenclature problem has yet to be addressed properly, although may be solved by using area names combined with the designated fireball number for a given fall. This will allow distinction from the more numerous chance meteorite finds on the Nullarbor.
BUNBURRA ROCKHOLE, THE FIRST RECOVERED METEORITE
The fireball associated with the first recovered meteorite fall was detected the DFN over the southern Nullarbor on 20 July, 2007 at 19h13m53.2s±0.1s UT.
This time marks the beginning of the fireball trajectory. The fireball designated DN200707 (Figure 4 ) was recorded by the two easternmost stations of the Network. The photographic record presented a far from ideal geometry because the fireball was close to the visible horizon of both stations and corresponded to angular heights in the range 9.7-5.8˚. Nevertheless, the precision of the camera system lens and high resolution of the photographic emulsion made it possible to reduce both all-sky images and obtain precise results for atmospheric trajectory, dynamics, luminosity, orbit and predicted fall position (Spurny et al. 2008) . 
Dark flight and predicted fall position
Computation of the dark flight of residual material was complicated by a number of factors; the end-point height of the fireball was close to 30 km which is relatively high; the terminal mass was predicted to be a maximum of only about 1 kg; at the time of fall there were strong stratospheric winds up to 50 m/s that would displace the fall position for a 100 g object by approximately 7.5 km. Modelling predicted that the most probable meteoritic masses were somewhere between 100-250 g and these limits and the best wind model were used to obtain a fall line of highest probability. An organized ground These results are important for two reasons. Firstly, this is one of the most precise orbits ever determined for a recovered meteorite and secondly it is an Aten-type orbit. Aten asteroids are near-Earth objects which have semi-major axes <1 AU. The orbit of DN200707 was almost contained within the Earth's orbit ( Figure 6 ).
The orbit is relatively chaotic with a number of close approaches with Earth and Venus, the most recent Venusian encounter having occurred in September 2001. A search for asteroidal objects with similar orbital elements revealed several cases. However, given the chaotic nature of these orbits it is unlikely that there is a genetic relationship to the recovered meteorite.
Nevertheless, as the meteorite is of an unusual type, spectral observations of these asteroids may be worthwhile.
Meteorite petrology, chemistry, oxygen isotopic composition and chronology
The meteorite, Bunburra Rockhole (Weisberg et al. 2009; Bland et al. 2009 The coarse-and medium-grained lithologies show sub-ophitic igneous textures, whereas the fine-grained lithology has a hornfels-like texture similar to the unusual eucrite, Ibitira (Steel and Smith 1976; Mittlefehldt 2005) .
In Bunburra Rockhole, pyroxene is generally Fe-rich and ranges from Ca-rich Essentially, The REE abundances in pyroxene are within the range of those in non-cumulate eucrites reported by Hsu and Crozaz (1996) . Similarly, REE in plagioclase also lie within the range of non-cumulate eucrites. In contrast, the Al which is consistent with the young absolute Pb-Pb age.
ACCUMULATED OBSERVATIONAL DATA FROM THE DFN
Until the operation of the DFN, reliable (e.g., photographic or video observation) meteor/fireball data were exclusively for the northern hemisphere. All observations were carried out by networks with central latitudes of ~45-55°, so they could not observe below declinations of -45°.
Thus far ~550 fireballs have been observed by the DFN on the Nullarbor. Double or multi-station fireball records, for which precise atmospheric trajectories and orbits can be determined, number ~150. These are the first orbits recorded for southern hemisphere fireballs. In addition, it appears very likely that a new, active meteor shower has been discovered.
In addition to Bunburra Rockhole, of the multi-station events, 11 are considered to have resulted in meteorite falls. Four of these are probable falls (10's-100 g); five are certain falls (>100's g). One of these had initial mass ~20 tonnes and may have been cometary in origin, but unfortunately it terminated over the Southern Ocean. One certain fall, and two probable falls,
are as yet unrecovered and in searchable country. Two additional recent events are almost certain falls in searchable areas and data are still being reduced. In October 2010, a fragment (24.54 g) from one of these falls (DFNxxx) was recovered by a field party and marks the second success of the DFN (Bland et al., in prep) .
DISCUSSION
With the recovery of Bunburra Rockhole, the DFN achieved a number of firsts.
The meteorite represents only the fifth predicted fall in history. It is the first known meteorite from an Aten-type orbit, the first basaltic achondrite with a known orbit, and the first instrumentally observed fall in the southern hemisphere. It is the first meteorite recovery based on data from the newly developed instrument (DFO). Finally, it is the first documented meteorite fall from a relatively small meteoroid, that produced a weak fireball with a terminal height of 30 km. Overall, the successful recovery is vindication of the methodological approach and instrument development. Only high resolution observations of the event could yield such a high precision orbit and accurate impact site data for what was a relatively unfavourable case.
Considering the possible asteroidal source of Bunburra Rockhole, a number of workers (e.g. Binzel and Xu, 1993; Burbine et al., 2001) Pieters et al. 2005 ) then the anomalous oxygen isotopic composition of Bunburra Rockhole indicates that it is highly unlikely that it is derived from 4Vesta. The meteorite joins a small group of anomalous basaltic achondrites characterized by unusual oxygen isotope compositions. The first to be identified was North West Africa (NWA) 011 (Yamaguchi et al. 2002) followed by a further five anomalous basaltic achondrites (Scott et al. 2008 and Weichert et al. 2004; Mittlefehldt, 2005; Lenz et al. 2007 ). Some of these meteorites have unusual mineral compositions such as Ibitira (Mittlefehldt, 2005; Lenz et al. 2007 ) while others, like Asuka 881394, have anomalous ages (Wadhwa et al. 2005) . Of the six meteorites known to date, only four (Ibitira, (NWA) 011, Asuka 881394 and Bunburra Rockhole) diverge sufficiently from the HED mass fractionation line to require parent asteroids that are different to 4Vesta.
With the exception of oxygen isotopes, in most respects Bunburra Rockhole mineralogically resembles other brecciated basaltic eucrites. Future work on Bunburra Rockhole will include the determination of mineral-specific oxygen isotopic compositions to locate the source of the anomalous oxygen isotopes.
Trace element mapping and Fe-oxidation state determination using the Australian synchrotron may also reveal any anomalous component of the meteorite.
Having proved the potential of the DFN concept (Figure 8 ), the near-term goal now is an expansion to a much wider network covering 1 million sq km of southern Australia. A large dataset of meteorites with orbits could provide answers to many important unanswered questions. For example, do any 18 meteorites originate from comets; do rare meteorites have unusual orbits; do streams of meteorites exist; generally do meteorites come directly from the main belt of asteroids, or from near-Earth parent asteroids like Bunburra Rockhole? Moreover, is it possible, with precise orbital information, to link a meteorite with a short cosmic ray exposure age to a particular parent asteroid thus effectively providing a free sample-return mission for that body? Finally, is the compositional structure of the asteroid belt as revealed by IR spectroscopy reflected in meteorite composition? The image of the fireball is segmented by the camera shutter operating at a know rate allowing the velocity of the object to be determined. 
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